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TRANSACTION MANAGER AND CACHE FOR PROCESSING AGENT 
BACKGROUND 

The present invention relates to an improved cache and transaction queue system in 
a processing agent. 

Modern computer systems may include multiple processing agents that communicate 
with one another over an external bus. An "agent" may include a general purpose 
processor, a digital signal processor an input/output or memory chipset, a bridge interface 
to other buses in the system or other integrated circuit that communicates over the external 
bus. 

Typically, agents exchange data through bus transactions. An external bus protocol 
defines signals to be used by the agents to implement the bus transactions. For example, 
an external bus protocol for the known Pentium® Pro processor, commercially available 
from Intel Corporation, defines a pipelined bus protocol in which a transaction progresses 
through as many as six phases. The phases include: an Arbitration phase, a Request phase, 
an Error phase, a Snoop phase, a Response phase and a Data phase. Data may be 
transferred between agents in the Data phase. According to the Pentium® Pro bus protocol, 
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up to 32 bytes of data may be transferred in a single bus transaction. Accordingly, an 
external memory in a computer system built around the Pentium® Pro bus protocol typically 
is organized into "data lines" having a 32 byte length. Other systems may operate according 
to other bus protocols and thereby define data lines of other lengths. 

Agents typically include internal caches for storage of data. The internal cache 
operates at a higher clock rate than the external bus and, therefore, provides faster access 
to data than external memory. Known internal caches are populated by cache entries having 
the same length as the data lines of external memory. Thus, an internal cache in the 
Pentium® Pro processor possesses cache entries having 32 byte lengths. Again, cache entries 
of other systems may have different cache line lengths than the Pentium® Pro processor to 
match different data line lengths of their respective systems. However, in all known 
systems, the length of cache lines are the same as the length of the data lines. 

Internal caches store not only data from external memory but also store administrative 
data related to the data from external memory. For example, the caches associate data with 
their external addresses. They may also store state information related to cache coherency 
functions. Storing such administrative data in the internal cache is disadvantageous because 
it increases the area of the internal cache when the agent is manufactured as an integrated 
circuit. The increased size of the internal cache translates into increased cost of the agent 
and increased power consumption of the internal cache. 

Accordingly, there is a need in the art for an agent that possesses an internal cache 
with minimal area. There is a need in the art for such an agent that reduces the amount of 
administrative data stored in association with data from external memory. 



Embodiments of the present invention provide a processing agent for use in a system 
that transfers data of a predetermined data line length in external transactions. The agent 
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may include an internal cache having a plurality of cache entries. Each cache entry may 
store multiple data line lengths of data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating a bus sequencing unit of an agent constructed 
5 in accordance with an embodiment of the present invention. 

FIG. 2 is a block diagram illustrating an internal cache constructed in accordance 
with an embodiment of the present invention. 

FIG. 3 is a block diagram of a queue entry of an external transaction queue 
p constructed in accordance with an embodiment of the present invention. 

nlO FIG. 4 is a block diagram of a known multiple-agent processing system. 

ffj FIG. 5 is a block diagram of fields that may be present in a memory address 

p according to an embodiment of the present invention. 

^ FIG. 6 is a flow diagram of a method of an embodiment of the present invention. 

M DETAILED DESCRIPTION 

Si 

. 

fS"l5 The present invention, in an embodiment, provides an internal cache in an agent 

having cache entries whose lengths are a multiple of the length of a data line. One address 
is stored for the multiple data lines thereby decreasing the area of the cache when the agent 
is manufactured as an integrated circuit. This is an improvement over traditional internal 
caches where address information is stored individually for each stored data line. The 
20 internal cache may be associated with an improved transaction queue system in which 
address information similarly is conserved. 

In an embodiment, the principles of the present invention may be applied in a bus 
sequencing unit 200 ("BSU") of an agent, shown in FIG. 1. The BSU 200 includes an arbiter 
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210, an internal cache 220, an internal transaction queue 230 and an external transaction 
queue 240. The BSU 200 fulfills data requests issued by, for example, an agent core 100. 
An external bus controller 300 interfaces the BSU 200 to the external bus 400. 

The arbiter 210 receives data request signals from not only the core 100 but also 
from a variety of other sources (not shown). Of the possibly several data requests received 
simultaneously by the arbiter 210, the arbiter 210 selects one of them and outputs it to the 
remainder of the BSU 200. 

The internal cache 220 stores data in several cache entries (not shown in FIG. 1). 
It possesses control logic (also not shown) responsive to a data request to determine whether 
the internal cache 220 stores a valid copy of requested data. If so, it implements the 
request. For example, it may read or write data to the cache 220 as determined by a request 
type signal included in the data request signal. 

The internal transaction queue 230 receives and stores data request signals issued by 
the arbiter 210. It coordinates with the internal cache 220 to determine if the requested 
data "hits" (was implemented by) the internal cache 220. If a data request "misses" the 
internal cache 220, the internal transaction queue 230 forwards the data request to the 
external transaction queue 240. 

The external transaction queue 240 interprets data requests and generates external 
bus transactions to fulfill them. The external transaction queue 240 is populated by several 
queue entries. The external transaction queue 240 manages the agent's external bus 
transactions as they progress on the external bus 400. For example, when data is available 
in response to a read transaction, the external transaction queue 240 retrieves the data and 
forwards it to, for example, the core 100. 

In an embodiment, the internal and external transaction queues 230, 240 may be 
replaced by a single transaction queue (not shown). In this embodiment, new requests are 
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loaded into the transaction queue. If the request hits the cache 220 the requests are removed 
from the queue. 

The external bus controller 300 drives signals on the external bus 400 as commanded 
by the external transaction queue 240. During a single bus transaction, a predetermined 
length of data may be read to/from the agent via the external bus 400. 

FIG. 2 illustrates a cache 500 constructed in accordance with an embodiment of the 
present invention. The cache 500 is appropriate for use as an internal cache 220 (FIG. 1). 
The cache 500 is populated by a number of cache entries 510. Each cache entry 510 
includes a tag portion 520 and multiple data portions 530, 540 for storing copies of data 
from external memory (not shown). The data portions 530, 540 each store a quantity of 
data corresponding to a data line. The tag portion 520 stores address information identifying 
the data stored in the data portions 530 and 540. Cache entries 510 also store other 
administrative data in association with each data portion 530, 540 such as state information 
(shown as "S") and error correction codes (not shown). The cache 500 also includes a 
controller 550 that determines hits and misses as described below. 

Embodiments of the present invention sever the relationships between "data line 
lengths" and "cache line lengths" that exist in agents of the prior art. Typically, in known 
agents, cache line length are the same as data line lengths. Embodiments of the present 
invention, by contrast, possess cache line lengths that are multiple data line lengths. Data 
from a single bus transaction would only partially fill a cache entry 510 of the internal cache 
500. 

Although each cache entry 510 stores multiple data lines, it includes only a single 
tag portion 520. The tag portion 520 identifies the address of the data stored in the data 
portions 530, 540. Data in adjacent data portions 530, 540 of a single cache line 510 are 
retrieved from adjacent locations in external memory (not shown). Thus, the number of 
tags 520 included in the cache 500 is reduced over traditional caches. The internal cache 
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500 may be comparatively smaller than known caches when manufactured as an integrated 
circuit. 

The cache 500 may be an associative cache or a set associative cache. 

FIG. 3 illustrates an entry 241 of an external queue 240 constructed according to an 
5 embodiment of the present invention. The queue entry 241 includes a primary entry 242 
and a secondary entry 243. The primary entry 242 stores data related to a first bus 
transaction. It may include the address of the transaction, stored in an address field 244, 
and status information for the transaction, stored in a status field 245. Status information 
includes information regarding, for example, the request type, and the stage of the 
HO transaction (i.e. whether the transaction has been posted on the external bus 400 and the 

~f phase of the transaction). It may include data to be written externally pursuant to a write 

I i J 

H transaction. The status information also may indicate whether the first transaction is part 

fjj 

jpu of a multiple transaction sequence. 

h* The secondary entry 243 stores status information related to a second bus transaction. 

2 

|J5 In an embodiment, the secondary entry 243 includes only a status field 246 for the second 

[ ; f transaction. The status field 246, like field 245, may store information regarding, for 

01 example, the request type and the stage of the transaction. The queue entry 241 may 

olvJ 

gj include as many secondary entries 243 as are necessary for the total number of entries (the 
one primary entry 242 and multiple secondary entries 243) to equal the number of data 
20 portions 530, 540 in the internal cache 220. In an embodiment, the primary-secondary 
structure of queue entries 241 may be repeated for every queue entry in the external 
transaction queue 240. 

Using the primary-secondary queue entry structure of FIG. 3, the external transaction 
queue 240 either may post multiple transactions to fill an entire cache entry 510 (FIG. 2) 
25 or may post a single transaction to obtain a single data portion 530 or 540. A request cycle 
of the internal transaction queue 240 cycles through queue entries 241. When the request 
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cycle reaches a queue entry 241, control logic (not shown) examines the status field 245 of 
the primary entry 242, interprets the request and posts a transaction therefor. When the 
status field 245 indicates that the request is part of a multiple transaction sequence, the 
external transaction queue 240 interprets status information in status field 243, increments 
5 the address stored in field 242 to address a next data line and posts a second transaction 
therefor. 

Optionally, a request type may be omitted from field 246 in the secondary entry 243. 
The request type typically is identical for all transactions stored in a single queue entry 241 . 

If, after a transaction is posted for the primary entry, the status field 245 indicates 
HJO that the request is not part of the multiple transaction sequence, the request cycle advances 
^ to another entry 241 of the external transaction queue 240. 

[Lib 

PJ FIG. 4 illustrates a multiple agent system constructed in accordance with an 

*Jl embodiment of the present invention. The agents 10-50 communicate with one another 
over the external bus 400. One of the agents 50 typically is a memory. The remaining 

s 

5 agents 10-40 may share copies of the same data. 

Hi 

^ Traditionally, in multiple agent systems, cache coherency rules are established to 

01 

4) ensure that when an agent uses data, it uses the most current copy of the data that is present 
in the system. For example, the Pentium® Pro processor operates according to the MESI 
cache coherency scheme in which copies of data stored in an agent 10-40 are assigned one 
20 of four cache coherency states: 

• Invalid state indicates that a copy of data is not available to the agent, 

• Shared state indicates that the copy of data possesses the same value as is 
held in external memory; copies of data in shared state may also be stored by 
other agents. 

25 • Exclusive state indicates that the agent is the only agent in the system (except 

a memory agent) that possesses a valid copy of the requested data. 



Doc. No.: ::ODMA\SOFTSOL\311\DC1\164415\0 



Client: 2207:5915 

7 



Confidential and Privileged 
Attorney Client Communication 



• Modified state indicates that the agent is the only agent in the system (except 
a memory agent) that possesses a valid copy of the requested data and the 
agent possesses a copy that is more current than the copy stored in external 
memory. 

An agent determines what it may do with a copy of data based upon the state. For example, 
an agent cannot modify data in invalid or shared state without first posting an external bus 
transaction to acquire exclusive ownership of the data. Other processing systems may 
behave according to other cache coherency states. In the cache 500 of FIG. 2, state 
information may be stored in association with each data portion 530, 540 of a cache line 
(shown as "S"). 

Data states may change on a data line basis. Consider, for example, an example 
where an entire cache line 510 is stored with data in shared state. According to the MESI 
protocol, an agent 10 that stores data in shared state may read the data but may not modify 
the data without first obtaining ownership through an external bus transaction. Thereafter, 
another agent 20 may post an external bus transaction to obtain ownership of a data line 
stored in the cache entry 510 (stored in data portion 540). By protocol, the agent 10 marks 
its copy of the data as invalid. To implement this step, the agent changes the state of the 
data portion 540 to indicate that the data is invalid. Valid data remains in the other data 
portions 530 of the cache entry 510. Thus, although an agent 10 may fill cache entries 510 
entirely with data, each data portion 530, 540 of the cache entry 510 need not necessarily 
change state in unison. 

As noted with respect to FIG. 1, an internal cache 220 includes a controller 550 to 
determine whether a data request hits the cache. The cache 500 of FIG. 2 identifies two 
types of "hits:" a "cache' 7 hit and a "tag" hit. A cache hit indicates that the cache 500 stores 
the requested data in cache coherency state that is valid for the request type of the data 
request. When a cache hit occurs, the controller 550 causes the data request to be executed 
on the corresponding data portion of the cache entry 510. A tag hit indicates that the 
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address of the new data request matches a tag stored in one of the cache entries 510, but 
that the cache entry does not store the requested data in a valid cache coherency state. 

According to an embodiment of the invention, an external memory address may be 
populated by fields, shown in FIG. 5. The fields may include a tag field 710, an entry field 
720 and an offset field 730. The tag field 710 may be used to determine whether a data 
request causes a cache hit, a tag hit or misses the cache 500 of FIG. 2. 

When a data request is loaded into the cache 500, the controller 550 retrieves the 
tag field 710 from an address included in the data request. The controller 550 determines 
whether the tag field 710 matches data stored in any of the tag portions 520 of the cache 
entries 510. In an embodiment, the tag portions 520 are provided with match detection 
logic (not shown). The controller 550 forwards the tag field 710 to the match detection 
logic and detects a match signal therefrom. A tag match occurs when the tag field 710 
matches data stored in one of the tag portions 720. 

The entry field 720 identifies a specific area of the data portions 530, 540 of a 
matching cache entry. When a tag match occurs, the controller 550 reads the state 
information from the selected data portions (say 540). Based upon the request type of data 
request, the controller 550 determines whether the state of the data is valid for the data 
request. If so, a cache hit occurs. 

In an embodiment, the BSU 200 operates according to the method of FIG. 6. A data 
request is posted to the BSU 200 (step 1010). The internal cache 220 determines whether 
the request hit the cache 220 (step 1020). If the request generates a cache hit, the internal 
cache implements the data request (step 1030). If the request generates a tag hit only, the 
external transaction queue 240 retrieves a data line (step 1040). If the request generates a 
cache miss and tag miss, the external transaction queue 240 retrieves a cache line (step 
1050). 
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Accordingly, the present invention provides an internal cache and a transaction 
queue system for an agent having reduced area over known agents. 

Several embodiments of the present invention are specifically illustrated and 
described herein. However, it will be appreciated that modifications and variations of the 
present invention are covered by the above teachings and within the purview of the 
appended claims without departing from the spirit and intended scope of the invention. 
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